ABSTRACT
INTRODUCTION
The genesis and progression of neoplasms of the breast, colon and prostate are influenced by multiple factors, one of which may be lipid ingestion and the resulting changes in the immune response (Erickson and Hubbard, 1996) . Despite multiple studies in this area, the mechanisms involved in the process of tumor formation are not clear. The monoester phosphoethanolamine (PEtn) has been a target for many studies aiming to understand the tumorigenesis and the relationship between the phospholipids and tumor progression. Some authors believe that phospholipids lead to a decrease in tumor growth (Morvan et al., 2002 and Aiken and Gillies, 1996) , while other authors have asserted that an elevated level of these monoesters is related to the increased tumor growth (Campbell et al., 1990 ). The literature also shows that the diets with high lipid contents (especially polyunsaturated fatty acids, or PUFAs) may result in increased synthesis of surface membrane molecules (Sherrington et al., 1995) , reduced lymphocyte proliferation, cytokine synthesis, and natural killer (NK) cell activation (Yaqoob et al., 1994) . Thus, the depressed immune response that results from the increased lipid availability in the body may modulate neoplastic development. The solid Ehrlich tumor is a spontaneous murine mammary tumor that does not resolve spontaneously. It has previously been employed to study the effects of herbal medicines and drugs on macrophage activity (Matsuzaki et al., 2003; Sakai et al., 2006) . The choice to use the peritoneal macrophages was based on previous studies employing subcutaneous transplantation of AK-5 tumor cells (Mitra et al., 2004; Bhaumik et al., 1988 Bhaumik et al., , 2001 . Those studies showed that the transplantation of AK-5 tumor cells into the subcutaneous tissue led to hyperactivation of the peritoneal macrophages. Later, there was depletion of the activated macrophages from the peritoneal cavity associated with the onset of AK-5 tumor regression. Direct labeling of hyperactivated macrophages in the peritoneum by the tracking dye PKH26 showed their migration to the tumor site. These findings provided functional evidence that peritoneal macrophages played a role in tumor progression and were thus critical cells to study the therapeutic approaches.
MATERIAL AND METHODS

Mice
Forty male Swiss two-month-old mice were purchased from the Animal House of the Central Laboratory of UNESP -Univ Estadual Paulista, Brazil. The mice were divided into two groups. The control (non-treated) group (n=20) was fed a normal commercial diet (Labina Purina ® , Paulinia, SP, Brazil), and the experimental (PEtn-treated) group (n=20) was fed a commercial diet (Labina Purina ® ) containing PEtn. The experimental protocol was designed in accordance with the ethical rules for animal research of the Brazilian College for Animal Experimentation.
PEtn administration
PEtn was purchased from the Chemistry Institute of São Carlos (USP -Universidade de São Paulo, Brazil) and added to a concentration of 800 mg/kg of animal food. Treatment began one week prior to tumor inoculation.
Tumor model and histopathology
The Ehrlich carcinoma strain used was purchased from the Department of Pathology of Botucatu Medical School, UNESP. Ehrlich ascites tumor cell (EATC) extraction followed a previously described technique . EATCs were inoculated subcutaneously (10 7 cells/mouse) to generate the solid tumors in both the control and experimental groups. Five animals from each group were killed by CO 2 asphyxiation at days 7, 14, 21, and 28 after tumor cell inoculation. Tumor samples were dissected from the skin and subcutaneous fat from the dorsum of each animal. The resulting specimens were fixed in buffered formalin for 48 h prior to preparation for the paraffin embedding. Tissue sections were stained with hematoxylin-eosin and evaluated under light optical microscopy.
Preparation and stimulation of peritoneal macrophages
Abdominal cavity washing to extract the peritoneal macrophages was carried out with 10 ml of sterile ice-cold phosphate-buffered solution (PBS). The peritoneal lavage suspension was then centrifuged, and the cells were resuspended in RPMI 1640 medium (Nutricell, Campinas, SP, Brazil), supplemented with 10% heat-inactivated fetal calf serum (Gibco BRL, Grand Island, NY, USA). The cell number was adjusted to 2x10 6 cell/ml. Macrophage activation was demonstrated using the spreading test (Rabinovitch et al., 1977) , and H 2 O 2 /NO production was also measured. Peritoneal macrophages extracted for the spreading test were incubated in 199 culture medium (Sigma, St Louis, MO, USA) at 37°C for 60 min. Glass-attached macrophages were fixed in 2.5% glutaraldehyde (Vetec, Duque de Caxias, RJ, Brazil), stained with hematoxylin-eosin, and then analyzed under light microscopy. The spreading test was based on the ability of macrophages, when activated, to adhere to glass and to spread; the percent of spreading macrophages was determined from 100 cells. The production of H 2 O 2 was evaluated in 10 6 cells/ml of peritoneal macrophages in supplemented phenol red solution, and cell absorbance was determined by enzyme-linked immunosorbent assay (ELISA) (Russo et al., 1989) . NO concentration was measured with a nitrite production method in the culture supernatant (Ding et al., 1988) . Briefly, macrophages (10 6 cells/ml) were incubated with RPMI 1640 culture medium in a 5% CO 2 atmosphere at 37°C for 48 h. Subsequently, supernatant was added to Griess reagent supplemented with 1% sulfanilamide (Synth, Diadema, SP, Brazil), 0.1% naphthylene diamine dihydrochloride (Sigma, St Louis, MO, USA) and 2.5% H 3 PO 4 at room temperature for 10 min. Absorbance of nitrite was quantified by ELISA (ELx 800, Bio-tek Instruments Inc, USA).
Statistical analysis
All the statistical tests were conducted using GraphPad InStat version 3.0 for Windows (GraphPad Software, San Diego, California, USA), and p < 0.05 was considered statistically significant. When two averages were obtained, Student's t test was used for their comparison. When more than two averages were obtained, ANOVA and the Tukey-Kramer post-test were used for comparison (Norman and Streiner, 1994) .
RESULTS
Tumor progression
Animals in the non-treated group survived until 21 days after Ehrlich carcinoma inoculation, but did not survive past 28 days. The animals treated with the PEtn lived to the end of the experimentation period (28 days).
Histopathology
Altogether, microscopic analysis revealed only slight changes between the control and experimental groups. The tumor architecture in the treated and non-treated groups on day seven showed similar characteristics (Fig. 1A and Fig.  1B) . The specimens showed central necrosis and stromal microabscesses, with atypical proliferative cells intermingled with mononuclear inflammatory infiltrates and early granulation tissue beneath. At day 14, histopathology of the PEtn-treated (Fig.   1C ) specimens demonstrated a multilobulated tumor-growth pattern, with plasmolymphocytic inflammatory cells and partial delimitation by granulation tissue. The the neoplastic invasion was discreetly diminished, with an organization of the peripheric granulation tissue, suggestive of a fibrous capsule. At day 14, in the treated group, the observed pattern of cohesion of the tumor cells increased, whereas the non-treated group (Fig. 1E) showed blood vessel destruction by the tumor cells and less cohesion of neoplastic cells (Fig. 1F) . At 21 days (Fig. 1G and Fig. 1H ), the non-treated animals demonstrated extensive necrosis of both the stroma and neoplasic cells as well as ulceration of the epidermis. There was extensive tumor invasion and disruption of the granulation tissue. These aspects were similar in the PEtn-treated animals. No non-treated mice survived to day 28.
Effects of PEtn on macrophage activity
Tumor-bearing mice from both the non-treated and PEtn-treated groups demonstrated significant decreases in the macrophage-spreading capacity ( Fig. 2A) . However, only the macrophages from the PEtn-treated group demonstrated a significant decrease in H 2 O 2 release at both 14 and 21 days (Fig. 2B) . At day 14, both the groups showed reduced levels of NO, followed by an increase at day 21 (Fig. 2C) . At day 28, NO levels rose significantly in the PEtn-treated mice, but no control mice survived for the comparison. revealing low degree of cell differentiation, large nuclei with a high number of vacuoles and prominent nucleoli (HE, objective 40X). At day 14, the neoplastic lesion in the PEtn group (C) showed better organization of the peripheral granulation tissue, suggesting a fibrous capsule, in contrast to non-treated group (D) (HE, objective 4X). At day 14, the treated group (E) also showed an increased pattern of cohesion of the tumor cells, whereas the non-treated group (F) showed blood vessel destruction by less cohesive tumor cells (HE, objective 40X and 10X, respectively). At day 21, in the PEtn (G) and non-treated (H) groups, microscopic findings of the lesion were similar, with both groups showing extensive tumor invasion and necrosis (HE, objective 4X). n = necrosis; tc = tumoral cells; ct = connective tissue; ep = epithelium. 
DISCUSSION
Phosphomonoesters are metabolites of phospholipids. They are produced by the action of phospholipases on phosphatidylcholine and phosphatidylethanolamine, and the levels of these compounds may be higher in situations of increased cellular growth and/or degradation. Thus, in the cases of tissue proliferation such as tumor growth, there are increased levels of phosphomonoesters relative to the levels in normal tissues during the stationary growth phase (Aiken and Gillies, 1996) . Although these data are well known, the role of these lipids in tumor growth is still unclear. In the present study, administration of the PEtn to Ehrlich tumors bearing mice resulted in increased survival time. Most of those in the non-treated group succumbed at 21 days, whereas those treated with the drug survived the 28-day experimental period. The mechanisms involved in this process are poorly understood. The data obtained from the animal and human experiments of diets with high levels of lipids suggest an involvement of polyunsaturated fatty acids in the development of immune responses (Yaqoob et al., 1994) . It is known that the macrophages play a central role in both innate and acquired immunity. In the cancer environment, macrophages exhibit complex and multifaceted activities. They can be directly tumoricidal but may simultaneously support the tumor growth and dissemination. The expression of the macrophage tumouricidal capacity is dependent on their activation status. Various agents, including the interferon-γ (IFN-γ), lipopolysaccharide (LPS) and lectins are known to activate the macrophages (Suzuki et al., 2003; Schorey and Lawrence, 2008) . Once activated, macrophages can inhibit the growth of tumor cells and microorganisms (Nascimento et al., 2002) , mainly due to the increases in the production of NO, H 2 O 2 and cytokines. To the best of our knowledge, there have been no studies on the effects of the PEtn on peritoneal macrophages in the animals bearing an Ehrlich solid tumor. Similarly, studies on the role of phospholipids in the macrophage respiratory burst are rare. According to Gordon et al. (1991) , there is a direct correlation between the presence of PEtn and a decrease in the available superoxide anion (O 2 -). These authors observed that such events occurred due to phospholipid hydrolysis. Studying the neutrophils, the researchers showed that the decrease in the measured superoxide anions caused by the phosphorylethanoline was not due to an inhibition of cellular superoxide generation but rather due to the scavenging of the generated (O 2 -). Because superoxide anion (O 2 -) is converted to H 2 O 2 in the cell, any element that affects the anion availability would consequently interfere with the production of the peroxide. Such phenomena may have occurred in the present study as macrophages from the mice treated with the PEtn released smaller amounts of hydrogen peroxide than those from the non-treated animals, especially after day 14. Because H 2 O 2 production is involved in one of the mechanisms of macrophage cytotoxicity, these results may indicate an inhibitory action of the PEtn on the macrophage lysis activity. The data on the macrophage spreading also supported this premise, as animals treated with PEtn had decreased macrophage spreading compared to untreated animals. Finally, the lower levels of H 2 O 2 may have contributed to the mechanisms that led to the increased survival time of the PEtntreated animals. That is, there is a direct correlation between H 2 O 2 levels and angiogenesis (Monte et al., 2003) , and solid tumor growth depends on local increases in blood vessel growth. NO is another important metabolite released by the macrophages. This free radical is produced by a group of enzymes called nitric oxide synthases (NOS). The inducible nitric oxide synthase (iNOS) is one of the three key enzymes that produce NO from the amino acid l-arginine. NO and iNOS are common in malignant tumors and are known to have both pro-and anti-tumor effects (Fukumura et al., 2006) . Although the roles of NO and its metabolites in the carcinogenesis are not completely elucidated (Ellies et al., 2003) , their effect have been described to be dose-dependent. The generation of high levels of NO by the activated macrophages may be cytostatic or cytotoxic for tumor cells, whereas modest NO production may have the opposite effect, promoting tumor growth (Xu, 2002) . Tapieiro et al. (2002) showed that excessive levels of NO produced in inflamed tissues could lead to the nitration of tumor-suppressing proteins, contributing to carcinogenesis and tumor progression. The present data supported this premise, since the animals treated with the PEtn had decreased levels of NO at 14 days, when a delay in tumor growth was observed. After this period, the increasing levels of NO were noticed concomitantly with tumor progression. These results, in addition to reinforcing the importance of NO in the control of neoplastic development, indicated the important role of the PEtn in this process. Taken together, these results confirmed the role of NO and H 2 O 2 in the modulation of tumor growth and also showed the antineoplastic effects of oral administration of the PEtn on the survival time of Ehrlich tumor bearing-mice. Considering that the Ehrlich tumor is a mammary tumor of mice, the present data also indicate the promising role of the PEtn in the control of human neoplasia.
